It is well established that prelinguistic vocalizations are precursors to speech. The appearance of adult-like well-formed syllables, canonical syllables, is an important developmental milestone in the first year of life. In typically developing children, it appears no later than at 10 months of age (e.g. [@R9]; [@R14]). Onset of canonical babbling is a robust milestone and is achieved even in populations regarded as at risk for speech and language disorders due to premature birth, low socioeconomic status and low educational levels ([@R3]; [@R7]; [@R8]). From onset of canonical babbling, the amount of canonical syllables grows and infants' babbling becomes increasingly complex in structure and resemblance with meaningful speech, as it takes on intonation and stress patterns of mature speech during the first year of life. Thereby, it is possible to assess speech development even before a child says her/his first word.

Amount and diversity of canonical syllables at age 1 have been found to correlate with different speech and language measures at older ages in typically developing children. For instance, 12-month olds with larger syllable inventories produced 50 different words earlier than children with smaller inventories ([@R6]), and correlations have been reported between larger consonant inventories at age 1 and better articulation skills up to 3 years of age ([@R6]; [@R16]).

Pronounced delays in onset of canonical babbling have consistently been reported in severely hearing impaired infants (e.g. [@R2]; [@R13]; [@R15]) and in children with William's syndrome ([@R5]). [@R10] studied children later diagnosed with autism spectrum disorder and reported lower canonical babbling ratios (CBR) in the study group as compared to a control group. Also, studies of children with an unrepaired cleft palate reported a risk for delay in canonical babbling ([@R1]; [@R4]).

Studies of prelinguistic utterances have almost exclusively used phonetic transcription as a tool. However, this is very time and resource consuming and therefore difficult to use in studies with many participants. Phonetic transcription of prelinguistic vocalizations has also consistently been reported to cause difficulty with agreement between transcribers, especially for non-canonical utterances ([@R11]). Moreover, [@R12] showed that phonetic transcription grossly overestimates parents' report of their infants' syllable inventory. Since parents are typically the ones to negotiate word meaning with their child as his/her speech and language develops, overestimation of a child's productive phonetic inventory may mean any predictions taken from phonetic transcription could be misleading or inaccurate. However, underestimation similarly misrepresents the child's abilities with attendant implications for analyses and clinical decisions and there are many circumstances where more information may be needed. Thus, users should carefully consider the purpose of their investigation when selecting the assessment method.

We adjusted and tested naturalistic listening in real time from [@R12] in a clinical setting using student listeners without experience in infant coding. In naturalistic listening in real time, the coder listens to a sample of recorded speech and assesses a child's syllable productions continuously without pausing the recording and without taking notes. While listening, canonical and non-canonical syllables are identified. At the end of a recording, the coder lists the syllables she/he found the child produced with control from memory and makes a judgement on presence or absence of canonical babbling.

The students learned the method easily and showed very good inter-rater reliability for syllable inventory in typically developing children and in children with cleft palate ([@R17]). This methodology was then adopted in a large international RCT, Timing of Primary Surgery for with Cleft Palate (TOPS, <https://clinicaltrials.gov/ct2/show/NCT00993551>), that assesses speech development of 558 infants with cleft palate from 1--5 years of age. We developed a software program, TimeStamper, for the coding procedure of 12-month-olds to equalize assessment conditions.

TimeStamper assists the coder in assessment of canonical babbling in two ways. Firstly, at the end of a recording, the coder makes a judgement of whether or not the child observed was in the canonical babbling stage. Secondly, based on the coder's assessment of syllable productions, the CBR is calculated automatically by TimeStamper (more detail is provided below). TimeStamper also assists in creating an overview of the child's syllable inventory regarding size and content.

TimeStamper is written in Java (v1.7) utilizing the video libraries from VLC (<http://www.videolan.org/vlc/download-windows.en-GB.html>). As such it will run on any operating system that supports Java and that there are VLC libraries compiled for (e.g. Windows and MacOS). The application has no other requirements to run, and the speed of processor and the amount of free memory will determine the quality of the playback experienced by the user. Any computer meeting the minimum requirements for Windows 10 should be able to run the application with no difficulties.

The TimeStamper application can play video (mp4/ogv) or audio (mp3) files and has been designed so as to make the process of assessing sound or video recordings of canonical babbling as straightforward as is possible ([Figure 1](#F1){ref-type="fig"}):

The end user can configure the application (via a text-based configuration file) to use different keypresses to specify different types of sound (e.g. canonical and non-canonical), with the time point that a key was pressed being stored within the system.

The user interface has been designed to facilitate the analysis of multiple audio/video files by an international assessing team (specifically for the TOPS trial) and the attribution of the results for ease of tracking. When first started, the application will appear as shown in [Figure 2](#F2){ref-type="fig"}. The application will not start in full screen mode by default; however, this is the recommended mode of operation so as to ensure that any keypresses are not missed.

Once launched, the user has only one option, to load a new audio/video file, via the 'Load' button ([Figure 3](#F3){ref-type="fig"}). If the user attempts to move forward without completing all of the required, then a warning message is displayed to the user to prompt for completion ([Figure 4](#F4){ref-type="fig"}).

Once all fields have been completed, the media is loaded and the application is ready for use. The user then commences their assessment. Prior to the assessment commencing, a warning is displayed to ensure that the assessor is aware that sufficient time should be allotted as pausing is not an option. During the assessment, the listener hits a key -- default S or L -- for each canonical syllable and non-canonical syllable, respectively. The program automatically stamps a time marker for each key strike and also calculates the CBR. A coder can see the count of syllables on the screen so that she/he knows the annotation was registered. However, a coder is only able to see the last annotation to avoid any influence on the final decision of whether or not she/he thinks the child was babbling canonically. At the end of the recording, a window pops up asking the coder to select canonical yes/no, and then to list the syllables she/he found the child produced with control (these syllables are stored in UTF-8 format so as to allow for the use of special characters, such as those used in the International Phonetic Database). When the coder clicks done, the answers are saved automatically in two different locations but not visible to the coder.

The output from the application is split between the canonical and non-canonical syllables ([Figure 5](#F5){ref-type="fig"}) and calculates the percentage split between the different behaviour types, that is, the CBR (see line 3, [Figure 5](#F5){ref-type="fig"}).

[Figure 6](#F6){ref-type="fig"} shows a screen shot of pop-up window for information on 'Canonical yes/no' and listing of syllables produced with control, for ease of future analysis.

Utilization of this method of storing the results allows for ease of data analysis and attribution to a specific recording and coder. When the recording's data have been saved, the process can be repeated -- the user is reminded at this point that loading a new video will result in all of the previous data being lost.

This tool can be used to assess prelinguistic vocalizations of typically developing infants as well as infants from clinical subgroups with risk of speech and language delay such as children with autism spectrum disorder, hearing impairment and cleft palate. It may be useful in research with many participants and/or many coders, and it may prove valid for audit or quality registries as it is performed in real time. The assessment in real time reduces the time and resource demand markedly (work smarter not harder). With the commonality of output files, it is relatively straightforward to combine the extracts from multiple coders into a single file for a more detailed analysis.

The TimeStamper software can be obtained by contacting <ctrcis@liverpool.ac.uk> and will be made available for non-commercial use under the terms of the Apache 2.0 License (<https://choosealicense.com/license/apache-2.0/>), and referencing this paper in any publication arising from the use of this software.
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